Background: Management of metastatic (M1) nasopharyngeal cancer (NPC) is controversial; data suggest high overall survival (OS) rates with definitive chemoradiotherapy (CRT). Herein, we evaluated OS in patients with M1 NPC undergoing chemotherapy alone versus CRT. Methods: The National Cancer Data Base was queried for M1 NPC cases. Patients undergoing no/unknown chemotherapy and/or with unknown/nondefinitive radiotherapy (RT) doses (<60 Gy) were excluded. Logistic regression analysis ascertained clinical factors associated with RT administration. Kaplan-Meier analysis evaluated OS between both cohorts; Cox proportional hazards modeling assessed factors associated with OS. Survival was then evaluated between matched populations using inverse-probability-weighted regression adjustment. OS between groups was also measured in patients surviving ≥1 and ≥3 years to address bias from poor-prognostic subsets (eg, widely disseminated disease), and those receiving CRT ≤30 and ≤60 days of each other (surrogates for concurrent CRT) versus >30 and >60 days (sequential) of each other. Results: Of 555 patients, 296 (53%) received chemotherapy alone and 259 (47%) underwent CRT. Patients undergoing CRT more often had private insurance (P=.001) and lived in areas with higher education levels (P=.028). Median OS in the chemotherapy-only and CRT cohorts were 13.7 and 25.8 months, respectively (P<.001); differences persisted between matched populations (P<.001). On multivariate analysis, receipt of additional RT independently predicted for improved OS (P<.001). OS differences between cohorts remained apparent when evaluating patients surviving for ≥1 (P<.001) and ≥3 (P=.002) years. Patients who received concurrent or sequential CRT displayed improved OS over those receiving chemotherapy alone, for both the 30-day (P<.001) and 60-day cutoffs (P<.001). Conclusions: Patients with M1 NPC undergoing definitive RT and chemotherapy experienced higher survival than those receiving chemotherapy alone. Risk stratification and patient selection for such combined modality interventions is critical.
tively uncommon in the United States, it is endemic in East Asia, and is thus a global public health priority. 1 Although NPC generally has a higher proclivity for distant metastases than other head and neck cancers, the incidence of metastatic (M1) disease at diagnosis is relatively rare, estimated to be 4% to 6%. [2] [3] [4] [5] However, 5-year survival for M1 NPC has been quoted at approxi- mately 20%, a relatively high figure compared with other M1 malignancies. 5 Moreover, a median overall survival (OS) of 2 to 3 years can be achieved for select patients with oligometastatic M1 NPC receiving palliative chemotherapy and/or those with good response to systemic therapy. [6] [7] [8] In light of these observations, there has been intense debate questioning the validity of an all-encompassing "M1" or "stage IVC" label describing this heterogeneous patient population, and whether a subset of these patients could benefit from local therapy in addition to standard-of-care chemotherapy. 9 This is in accord with the rapidly emerging oncologic concept of using local therapy for limited M1 disease (oligometastases). [10] [11] [12] [13] Implications for NPC are substantial, because distant M1 disease is generally more limited for NPC than for other solid malignancies, and just one to a few metastases occur in more than half of patients with M1 NPC.
Addition of Definitive Radiotherapy to Chemotherapy in Patients With Newly Diagnosed Metastatic Nasopharyngeal Cancer
14 As a result, there has been increasing interest in whether administration of definitive chemoradiotherapy (CRT) for select patients with M1 NPC improves prognosis. [15] [16] [17] [18] [19] [20] However, this issue remains currently unresolved, with no consensus to date. 21 The National Cancer Data Base (NCDB) provides a unique resource with which to address these novel and clinically important issues in a relatively uncommon population, and it has proven great utility for similar impactful studies in other neoplasms. 22 This study compared patients with M1 NPC receiving chemotherapy alone versus CRT. We aimed to evaluate national practice patterns and the clinical factors associated with receiving combined modality therapy (CMT); to assess OS between groups, including factors independently associated with OS; and to determine the effect of concurrent versus sequential CRT on OS in CMT.
Methods
The NCDB is a joint project of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society, which consists of de-identified information regarding tumor characteristics, patient demographics, and patient survival for approximately 70% of the US population. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The NCDB contains information not included in the SEER database, including details regarding use of systemic therapy. The data used in the study were derived from a de-identified NCDB file, comprising all newly diagnosed cases by each CoC-accredited facility. The American College of Surgeons and the CoC have not verified and are neither responsible for the analytic or statistical methodology used, nor the conclusions drawn from these data by the investigators. Because all patient information in the NCDB database is de-identified, this study was exempt from Institutional Review Board evaluation.
Inclusion criteria for this study were patients with newly diagnosed M1 NPC. Patients with unknown receipt of chemotherapy and/or radiotherapy (RT) were excluded, as were patients who did not undergo chemotherapy. For the purposes of this study, definitive RT referred to doses ≥60 Gy; although ≥66 Gy to gross disease is recommended, 21 we allowed for approximately a 10% dose reduction (60 Gy) as the threshold for inclusion. Patients in the chemotherapy only group were allowed to have received ≤30 Gy of RT (n=47), consistent with standard palliative irradiation dosing. In accordance with the variables in NCDB files, information collected on each patient broadly included demographic, clinical, and treatment data.
Statistics were performed with STATA software (StataCorp Inc., College Station, TX). Tests were 2-sided, with a threshold of P<.05 for statistical significance. First, univariable and multivariable logistic regression were used to determine which characteristics were associated with delivery of additional RT. Next, Kaplan-Meier survival analysis evaluated OS, defined as the interval between the date of diagnosis and the date of death, or censored at last contact. Univariate and multivariate Cox proportional hazards modeling were used to evaluate predictors of OS.
Subsequently, survival analysis was performed in a matched population through the use of inverseprobability-weighted regression adjustment with nearest neighbor matching ( Table 1) . Nearest neighbor matching estimators impute the missing potential outcome for each subject by using an average of the outcomes of similar subjects that receive the other treatment level. Similarity between subjects is based on a weighted function of the covariates for each observation. This technique was performed with a nearest neighbor match of up to 4 cases, although a minimum of 1 match is required for this technique. Data were assessed with a treatment effects analytic technique using survival time to provide potential outcome mean as a measure of the effect (measured in units of time). The measure was adjusted for the factors found statistically significant on Cox regression analysis. Matching was applied to the whole cohort and not on subsequent (eg, landmark) analyses owing to low sample sizes in the latter.
Next, landmark analysis was performed in order to assess survival differences between both groups among patients surviving ≥1 and ≥3 years, with the purpose of eliminating patients with widely disseminated disease who would not be expected to survive past a fixed amount of time. The 1-year threshold was chosen because it approximates the median OS of M1 NPC; the 3-year value was chosen because previously noted reports have demonstrated 3-year survival of oligometastatic disease. [6] [7] [8] Lastly, in attempt to compare OS between patients receiving chemotherapy alone and concurrent versus sequential CRT, OS was analyzed in patients receiving chemotherapy and RT within 30 days (a surrogate for concurrent CRT) and >30 days (surrogate for sequential CRT) of each other. This was repeated using the 60-day threshold based on the estimated time of induction chemotherapy from existing literature. 38 If information regarding this parameter was not reported, those patients were excluded from this specific analysis.
Results
A complete flow diagram of patient selection is provided in Figure 1 . In total, 555 patients met study analysis criteria, and included 296 (53%) patients receiving chemotherapy alone and 259 (47%) undergoing CRT. Table 2 displays notable clinical characteristics of both cohorts. Following univariable analysis, multivariable analysis revealed several independent factors associated with receipt of RT. Patients undergoing CRT were more likely to have private insurance (P<.001) and lived in areas with higher education levels (P=.028). Paradoxically, those undergoing CRT were less likely to have higher incomes (P=.005). Of note, age, year of diagnosis, comorbidity index, T stage, and N stage were not associated with likelihood of receiving RT (all P>.05).
Kaplan-Meier estimates comparing OS in the chemotherapy only and CRT groups are illustrated in Figure 2A. The 1-, 3-, and 5-year OS rates in the respective groups were 54% versus 72%, 21% versus 41%, and 10% versus 34%. This corresponded to median OS of 13.7 and 25.8 months, respectively (P<.001).
In the overall cohort, there were several predictors of OS on univariate and multivariate analysis (supplemental eTable 1, available online with this article at JNCCN.org). Among others, independent predictors of poor OS included higher comorbidity index, well to moderately differentiated disease, and T4/TX stage (all P<.05). Of note, there did not seem to be obvious independent associations with N stage and several socioeconomic and demographic variables. However, delivery of RT was an independent Figure 2B . The 1-, 3-, and 5-year OS in the respective groups were 53% versus 73%, 21% versus 42%, and 11% versus 34%. This corresponded to median OS of 13.6 and 27.6 months, respectively (P<.001), similar to the unmatched groups.
Thereafter, to assess the value of additional RT in patients with presumed limited M1 disease, who may be expected to survive for a more extended period, landmark survival analysis was performed ( Figure 3 ). The purpose of landmark analysis herein was to specifically attempt to counteract the selection bias between groups and evaluate a relatively "purer" population of survivors. Among the patients who survived for ≥1 year after diagnosis, receipt of CMT remained associated with improved OS, corresponding to a median OS of 26.6 versus 50.7 months (P<.001). This was also true for the patients surviving ≥3 years, with a median OS of 54.6 months versus not reached (P=.002).
Lastly, we assessed the effect of CRT in the concurrent versus sequential settings, while comparing with patients receiving chemotherapy alone ( Figure  4) . A threshold of receiving chemotherapy and RT within 30 days was first used to denote concurrent CRT, with >30 days signifying sequential CRT. Using this 30-day cutoff, both sets of patients receiving CRT demonstrated similar OS and both displayed superior OS over chemotherapy alone (P<.001). The analysis was then repeated using a 60-day threshold, which led to similar findings (P<.001).
Discussion
Although the management of M1 NPC remains controversial, our analysis suggests that a certain proportion of patients may benefit from CMT. Although this analysis cannot address which patients are specifically most suited for receiving additional local therapy, these data should ideally prompt prospective investigations regarding the utility of definitive management in well-selected patients with M1 NPC. Although we were not able to ascertain why certain patients received CMT, we did observe significant socioeconomic disparities regarding its administration. Principally, patients with private insurance and/ or living in areas with higher education levels were more likely to undergo CRT, although it is discordant that patients with higher income were less likely. The same was not true regarding patient/tumor-specific factors (eg, age, comorbidity index, T/N stage) or practice patterns (eg, diagnosis in more recent years, treatment at academic centers, regional differences). Thus, it could be likely that socioeconomic causes, such as insurance coverage for definitive additional RT, were primary determinants of receiving CMT. Because a foremost goal of oncologic care is to deliver appropriate treatment to disparate populations, if our results are further validated, there could be major implications on payers and insurance coverage to administer definitive RT in select cases.
This analysis also showed a near-doubling of OS in patients undergoing CRT over chemotherapy alone (which persisted in matched cohorts), and the inde-pendent correlation with RT receipt and OS. The survival findings are similar to other institutional data; the 5-year OS rate of 34% is comparable to the 39% rate observed by Tian et al. 14 Additionally, a noteworthy finding on Kaplan-Meier OS curves was the relatively apparent "tail" associated with CMT, insinuating that a favorable prognostic subset of patients with M1 NPC could potentially experience long-term survival with aggressive oncologic therapy that includes high-dose local RT.
In any retrospective investigation, selection bias is clearly present to some degree, and thus caution is recommended when interpreting these and other analogous data. 22 However, although both groups were statistically similar in terms of age and comorbidity index, a limitation of this and similar NCDB studies 22 is the lack of information regarding the number of metastatic lesions. Intuitively, RT may be more indicated in the oligometastatic setting, with multiple studies demonstrating that the prognosis of oligometastatic disease is superior to widely disseminated disease. [15] [16] [17] [18] [19] [20] In order to selectively analyze patients who could have oligometastatic NPC, landmark survival analysis was specifically designed to evaluate patients surviving ≥1 and ≥3 years after initial diagnosis in an attempt to use survival longevity as a surrogate for oligometastasis. Although not synonymous with oligometastatic cases, these improved prognostic subsets continued to gain OS benefits from definitive CMT. Conversely, the role of CRT in this analysis 
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was less clear in patients with poorer prognoses, many of whom presumably could have had more extensive M1 disease. Thus, moving forward, there should be an increasing risk stratification focus within the inherently heterogeneous M1 NPC cohort. Reports have alluded to several disease-specific factors that confer worse prognoses in M1 NPC, including greater quantity of metastatic lesions, delivery of ≤4 chemotherapy cycles, liver metastases, specific gene panel markers, and Epstein-Barr virus (EBV) DNA levels. 19, [39] [40] [41] [42] Taken together, although subdivision of the M1 category was not performed in the recent AJCC Cancer Staging Manual (8th edition), there is now mounting evidence of heterogeneity within M1 NPC that supports consideration of individualized, or personalized, treatment. 43 Although our investigation does not imply causation between CMT and OS, it does underscore the critical importance of careful patient selection, especially in light of the amplified toxicities in patients receiving CMT. [44] [45] [46] Herein, we recognized that delivery of CRT could follow 2 patterns: (1) receipt of chemotherapy alone, followed by presumed interval assessment of tumor response, and subsequently definitive RT; or (2) administration of upfront concurrent CRT. Using cutoff values of 30 and 60 days as a surrogate for concurrent versus sequential CRT, OS curves were similar in both the sequential and concurrent CRT cohorts, and both were statistically superior to the chemotherapy only survival. This may broaden the potential use of CMT in select patients with M1 NPC based on risk stratification; this includes the option to deliver CRT concurrently in patients with a clearly favorable prognosis, while examining disease response in more borderline cases and directing subsequent management thereafter. However, it is acknowledged that in this and similar studies 22 there may be another layer of selection bias when evaluating such treatment paradigms. In patients with poor response after initial chemotherapy, RT may be withheld, and thus cases with poor biology would be lumped into the chemotherapy alone group, thereby adding a potential confounding factor. Conversely, however, prior reports have suggested that response to initial chemotherapy predicts response to RT in patients with head and neck malignancies. 47, 48 Regardless, our finding of improved OS in patients receiving concurrent, upfront CRT still illustrates that CMT may be efficacious in select patient subsets. Moreover, although the role of induction chemotherapy is controversial in light of previous 49 and recent 22 data (of which the M1 subset has been virtually unrepresented), delivery of sequential chemotherapy and RT may be advantageous in these patients in light of similar survival observed herein while reducing the risk of toxicities seen with concurrent CRT, but additional prospective work is needed to determine the optimal temporal sequencing of CRT for M1 NPC.
Although the NCDB provides a unique platform with which to study this important clinical question, this investigation is not without limitations. First, NCDB studies are inherently retrospective with selection biases as noted earlier and elsewhere. 22 Second, the NCDB does not keep track of several noteworthy vari- [39] [40] [41] [42] ; hence, it is possible that patients in the chemotherapy only group received palliative chemotherapy in the form of fewer cycles and/or lower doses. Lastly, some patients classified as chemotherapy alone may have been treated with RT in an attempt to definitively control their disease. We attempted to minimize this bias by allowing patients receiving ≤30 Gy to be categorized in the "chemotherapy only" group but used a cutoff dose for definitive RT of ≥60 Gy. Although modest differences in the selected dose cut points are not likely to impact OS, death from complications of poor CRT tolerance can never be excluded.
Conclusions
Using the NCDB, this contemporary analysis analyzed patients with M1 NPC receiving CRT versus chemotherapy alone. Socioeconomic factors (eg, private insurance, residence among higher-educated individuals) associated with the delivery of additional RT are described. Patients undergoing CRT experienced improved survival than those receiving chemotherapy alone, which was also present in matched cohorts. Receipt of RT independently predicted for increased survival. Among patients surviving for extended time periods, undergoing RT remained associated with improved OS. Lastly, using 2 different cutoff values to signify concurrent versus sequential CRT, both approaches displayed similarly higher OS over chemotherapy alone. Taken together, these hypothesis-generating data raise the need for prospective assessments regarding the use of local therapy in select M1 NPC cases. In the absence of prospective data, these results also underscore the crucial necessity to carefully select patients for definitive CRT.
